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(54) DeformaWe tube 

(57) A detormable tube has a wal which oornprises 
a number of axial, toroidal or hefical tubules which are at 
least partly deformed in response to deformation of the 



tube in radial and/or axial directions. 
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Description 

Rflricy^^ri of the invention 

[0001) The invention relates to a detormable tubo. 
[0002] It te known from US patent specifications Nos 
3,353,599 and 5.014,779 to insert a corrugated tube 
into the weObore of an underground borehole and to 
expand the tube downhoie into a tUxjIar shape. 
[0003] US patent specfkstion No 5,366.012 dis- 
closes the expansion of a dotted pipe of which the slots 
open up as a resuft of the expansion so as to reduce the 
radial forces needed to expend the pipe. 

(0004) The use ol slotted or Inrtialy corrugated pfces 
has the Disadvantage that the expanded pipes have a 
Nmfted mechanical strength. 

(0005) knemationaJ patent appteation. publication No 
WO 98V00626 rJsdoses the expansion of an wwtotted 
cyfindrical pip* by means of an expaiwion mandrel. 
[0006] A disaovarttage of t* latter expansion method 
is thai forces to expand the pipe are relatively Nc/i and 
that the p«5e contracts as a result of the expansion proc- 
ess 

[0007] It is an object of the present invention to allevi- 
ate the Disadvantages of the known techniques and to 
provide a robust and deforrnabta tube which can be 
expanded or otherwise deformed by using a relatively 
low deformation force. 

Surtnarvol the Invention 

[0008] The detormable tube according to the invention 
thereto comprises a wal which is at least parity formed 
by a number of tubules, wherein at least one tubule is at 
least pertty deformed in response to deformation of the 
tube. 

[0009] Tr* deformation may invorvetttil^ 
change of the tubular shape of the tubules, which 
requires principally bending forces which are signifi- 
cantly tower than the tension forces that are required to 
expand a tubular cylindrical pipe. 
[0010] It may be required to obtain a tube which can 
be deformed easily in an axial or in a radial direction or 
in both directions. A radiafiy deformatte tube is useful if 
the tube is for example to be used as an oi and/Or gas 
production tubing which is to be inserted into a relatively 
narrow and Irregularly shaped underground welbore. 
An ajrfaJy detormable tube is useM rf ma tube is a pro- 
ductfon iner or tubing, a well casing or other well tubUar 
which is Installed In a compacting reservoir where there 
isariskofbucWngoitheweltub^ 
compaction process 

[0011] rl a raxWydetormaWetube is required rtispre- 
ferred that the wal! of the tube is at least partly formed 
by a series of axial tUbules which each extend in a cSrec- 
tfon substantially parallel to a tongfcrfnaJ axis of the 
tube such that upon a racial deformation of the tube the 
axial tubules are at least partly deformed. 



[0012) If an anally detormable tube is required it is 
preferred thatthewaJlofthetubeisat least partly 
formed by a series of toroidal tubules which extend in a 
substantially draiar direction around a longrtudfaial axis 
5 of the tube such that upon axial deformation of the tube 
the toroidal tubules are at least partly flattened or other- 
wise deformed. 

[0013] H a tube is required which is both axiaDy and 
radially detormable. rt is preferred that the wal of the 

io tube Is at least partly formed by one or more heDcal 
tubules which extend in a substantially helical direction 
with respect to a tongrtudnal axis of the tube such that 
upon deformation of the tube in a ejection which is ori- 
ented at an angle relative to a bngjtucinaJ Direction of 

is each of fie helical tubuies, at least one of the heficaJ 
tubules is deformed. 

[0014] The Uixies may be made of a metal, plastic, 
rubber or other materia! and may be welded, brazed, 
bonded or otherwise secured to etfacent tubules or 

20 other parts of the wail of the tube. 

[0015] The tubules may before expansion have a 
folded, cylindrical, eOptical or prismatic shape and may 
as a resuft of the ejqpansion be unfolded or flattened into 
an elliptical, cylindrical or prismatic shape. 

25 [0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
open up as a result of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space surrouncSng the tube. 

30 [00171 In thai case the fluids that are squeezed from 
the nterior of the tubules may contain one or more 
chemicals, such as a chemical treatment fluid or com- 
ponents of a liquid cement slurry or components of a 
curing agent which components are only mixed when 

x or after they have been squeezed out of the UAutes 

ffrrM rtflfCTrtK^ fta drawings 

[0018) The invention wfil be described in more detail 
40 and by way of example with reference to the accompa- 
nying oVawings. in which 

Fig. 1 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a waH 
45 that is made of a series of axial tubules which are 
cyfindrical before expansion and aliptical after 
expansion; 

Bg. 2 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
so that comprises a series of axial tubules which are 
prismatic before expansion and eilptica! after 
expansion; 

Fig. 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
55 that is made of a series of axial tubules which are 
efiptocal both before and after expansion; 
fig. 4 is a cross-axial sectional view of a tube 
before expansion where the wall of the tube com- 
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prises a series of axial tubules and (he ttbe is 
folded into a substantially flat shape before H is 
unfolded and expanded; 

Fig. 5 is a IcngrturJnaJ sectional view of a lube 
which comprises a wal that is made of a series of 5 
toroidal tubules; 

Rg. 6 is an enlarged data! showing the cylndrical 
shape of three ol the toroidal tubules that are encir- 
cled in Fig. 5; 

Rg. 7 is a longitudinal sectional view ofthetubeof io 
Fig. 5 after axial cornprossion of the tube; 
Fig. 8 is an enlarged detafl showing the efliptaaJ 
shape of three of the toroidal tubules that are encir- 
cled in Rg. 7; 

Rg, 0 is a cross-axial sectional view of a radially is 
expandable tobe appri si n g ** or heOcal 
tubules both before and after expansion of the tube; 
Rg. 10 te ■ aoGs-axtaJ sectional view of an unex- 
panded tube of which the wafl axnprisesasenesof 
folded tubules which untold into a cylWrieal shaoe 
during the process of expanding the tube: 
Rg. 11 is a cross-axial sectional view of another 
unexpended tube conf iguration where the wall com- 
prises a series of folded tubes which unfold into a 
cylindrical shape during the process of expanding 
the tube; and 

Rg. 12 is a cross-axial sectional view of an unex- 
panded tube which tokte open during trie expansion 
process and which comprises a tubule which acts 
as a plastic hinge and which is Rattened as a result 
ol the expansion process. 

Derailed descr iption ol the invention 

{00191 ReferrifigrwwtoF^lthereisshc^atubel 
inacySndrical wefcore or other cavity 2, which tube 1 
has a wafi that is made up of a series of axial tubutesS 
which are substantially cylindrical before expansion of 
the tube i and eU'ptical after expansion of the tube 1 to 
an enlarged diameter, as illustrated by reference 
numeral 3B. 

[0020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the hycfraulic 
pressure ntw interior 4 of the lube 1. As a result of the 
expansion process the tubules 3 are subject to a bend- 
ing process so that relatively tow forces are required. 
(0021] If the tubules 3 are made of steel or another 
metal tfien It is preferred that the tubules 3 are sintered, 
welded or brazed together atong the length of the areas 
5 where the tubules 3 touch each other. 
[0022] If the tubties 3 have an impermeable wafl and 
the tube 1 is used temporarily in the cavity 2, for exam- 
ple to provide a temporary seal, then the tube 1 can be 
radially contracted again by pumping a high pressure 
fluid into the interiors 6 of the tubules 3. which wfl 
induce the flattened tutxJes 3B to resume their tubular 
shape, so thai the tube 1 radial shrinks and can be eas- 
ily removed from the cavity 2. 



[0023] If the tube 1 is to be used permanently in the 
cavity 2. tor example if the tube 1 is to be used as a wefl 
casing, then at least some of the tubules 3 may be ISed 
with Bquid components of a cement slurry or other cur- 
ing agent such as a silicone gel and the outer wall of 
these tubules may contain openings 7, or weak spots 
which are opened as a result of the expansion process, 
via which said tiqiid components are squeezed into the 
surrounding annular space 8 sunouncSng the expanded 
tube 1 and the Bquid components mix up and cure to a 
hardened cement, ai Scone or other cured sealing com- 
position. 

[0024] Rg. 2 lustrates an alternative embodiment of 
the deformable tube accorclng to the invention. This 
tube 9 is also radially deformable and comprises a 
series of tubules 10 which are prismatic before expan- 
sion and efl**cal after expansion, as •ustrated by refer- 
ence numeral 10B. 

[0025] The tubules 1 0 are arranged substantially par- 
alei to the longitudinal axis 11 at the centre of the tube 
9. The tubules 10 are made of steel or another metal 
and era connected to each other by krigrtudinal weided. 
brazed or sintered bonds 11. 
[0026] Fig. 3 shows yet another errxxximent of the 
deformable tube according to the invention, In which the 
tube 12 is rac^a**>rmable and corTxxosesaseriesof 
tubules 13 whkh are elliptical before and which have an 
eBiptical, almost flattened shape after radial expansion 
of the tube 12. 

[0027] In this embodiment the tubules 1 3 detormfrom 
a first elliptical shape, illustrated by reference numeral 
13A In which the largest width of the elliptical tubules 
13A has a racial orientation into a second eifiptjcal 
shape, illustrated by reference rwmeraJ13B'm which the 
lan^wio^oftheefliptxad tubules 13A has a tangen- 
tial orientation 

[0028] Referring now to Rg. 4 there is shown a 
deformable tube 14 which comprises a series of axial 
tubules 15. wherein two pairs of tubules at opposite 
40 sides of the tube 14 are interconnected by plastic 
hinges 16. These plastic hinges 16 alow the tube 14 to 
be stored and transported in a flattened shape e.g. 
around a reeling drum (not shown). 
[0029] When the tube 1 4 is then unreeled from the 
45 reeing orum it can be brought into a cylndrical shape 
by a glide tunnel (not shown). I the tube 14 Is to be 
used Inside a wel or insida another tabular the cylindri- 
caJ tube 1 4 is then reel ed into the weflbore or the interior 
of the other tubular and expanded for exani*eby pump- 
50 tag a Nghpressure fluid into the interior 17 of the tube 
14. 

[0030) The initially flattened tube configuration shown 
in Fig. 4 allows an easy storage and transport ol the 
tube H, eg. on a small diameter reeling drum, during 
56 the manufacturing stage and during transport from the 
manutacturing site to the site where the tube 14 is to be 
used. 

[0031] Figures 5, 6, 7 and 8 show yet another embod- 
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imertof the deformatte tube according to the invention 
in wttch the tubules 18A. B have a toroidal shape in 
order to make the toe 19 anally deformable. 
[0032] The tube 10 shown in Fig. 5 can be a produc- 
tion liner in a compacting oil or gas bearing formation, 
where as shown in detail in Rg. 6 the toroidal tubules 
18A have a sutetertiafly cylindrical shape. In the corfig- 
uration shown in Rg. 7 the tube 19 has axially con- 
tracted so that its length is 18% shorter than its original 
length shown in Fig. 5. 

(0033] As a result of the axial contraction of the tube 
19 the tubules 1 88 shown in Fig. 7 have been deformed 
into an eliptical shape, as is shown in more detail in Fig. 
8. 

[0034] Referring now to Fig. 9 there is shown a tube 
20wrwjhts«3fwrfwdwTtNnaww3bore2i or other cav- 
Ity. 

[0035] The tube 20 has a wall that comprises six 
tubules 23, 24, 25. 26. 27 and 28 which extend in an 
axtaj or helical corfiguration relative to the longitudinal 
axb 29 of the tube 20. 

[0038] Adjacent tubules 23. 24, 25. 26. 27 and 28 are 
interconnected along freir lenglh by elongate welds 32. 
Plastic hinge* 22 are boated in the walls of the tubules 
23-28 at both sides of each weld 32. 
[0037] The unaxpanded tube 20 is shown at the cen- 
tre of the drawing. The six unexpended tubules 23-28 
each have the term erf a pie sector and only a rtfnor gap 

30 Is present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped into 
the gape 30 which win induce the tube 20 to expand until 
the waits of the tubules 23-28 are stretched and/or the 
outer walls of the tubutos 23B-288 are pressed against 
theweUbore21. 

[003$] The voiume-eff icient tube ccrif igurmbon thown 
In Fig. 9 is attractive M the tube 20 Is to be Inserted Mo 
the wettxxe 21 via a narrow excess, such as a small 
diameter production tubing. Furthermore the internal 
volume of the unexpended tubules 23-28 is relatively 
large whereas the internal volume of the expanded 
tubules 23B-28B is relatively small so that rl the walls at 
the outer drcumference of the tubules 23-28 are perfo- 
rated or become during expansion otherwise fluid per- 
meable a relatively targe volume of fluids is squeezed 
from the interior of the tubules 23-28 into the surround- 
ing amutus andtor formation. 
[0039] InthisweyarelelrYery^evolurneofaseai^ 
agent and/or treatment fluid can be injected into the 
annul us surrouncSng the tube 20 and/or the formation 

31 surrounding the weftore 21. 

[0040] The externally permeable tube 20 is very suit- 
able to bxect treatment fluids into an underground for- 
mation 31 which comprises along the length of the 
weBbore 21 layers of varying permeabiity. M the outer 
wals of the tubules 23-28 have a sigrafK^ lower flukJ 
permeability than the surrounding formation 27, then, 
as soon as the outer wan of the tubules 22B-26B is 
pressed against the wellbore 21. a relatively constant 



f kjtx of treatment fluid wil be squeezed into the various 
surrounding formation tayers so thai the risk rjf injects 
of treatment fluid mainly into the permeable formation 
layers and by-passing of less permeable layers temW- 
5 rrued. 

[0041] H tne tube 20 is used as a treatment fluid injec- 
tor toot then the outer walls of the tubules 23-28 may 
be made of a permeable rubber and/a a fabric and the 
inner walls of the tubules 23-28 which face the interior 
w 30 of the tube 30 may be made of an irrpermeabie rub- 
ber. After Injection of Ihe treatment ftids the pressure In 
the Werior 30 of the tube 20 may be reduced so that the 
tube 20 radially contracts and can be removed from the 
borehole. 

15 [0042] Inst sad of alowtng the tube 20 to contract after 
fluids have been injected into the formation the tube 20 
may be aBowed to harden fcn the expanded position 
against the weflbore 21 by s i j xeg na Un g the fabric or 
other material with a stowly curing epoxy or other plastic 

jo oorrposrfon, so that the soiioTted tube 20 then serves 
as a weft Oner. 

[0043] The tube 20 and the tube oonfgurations shown 
in Figs. 1-4 may also have walls that are made of a si eve 
material. In that case the tLtoe may be expanded by an 
25 expansion cone or by a balloon that is inflated in the 
interior of the tube. 

[0044] Since the sieve material that then forms Ihe 
walls of tubules is maWy bent and not or hardry 
stretched the sieve opening size will remain fairly con 

so start during the expansion process. The expanded tube 
of sieve material then serves as a titer that prevents 
sand and other solid materials to enter the wetbore 21 
[0045] The radialy expandable tube 20 and the other 
raolafly expandable tube configurations shown in Figs. 

ss l^mey also be made of tubules 23-28 which are made 
of a fluid frrper meette material, such as steel which 
ortydetornwiftheprerisureint^ 
exceeds a ore-set level. In that case the tube may be 
installed as a production tubing which serves as a 

40 downhde blow-out preventer which expands and seals 
of the annulus surrounding the production tubing it a 
blow-out occurs. The radially expandable tube configu- 
ration shown in Fig. 9 can also be used as a drill string. 
In that case driffing mud is pumped frrough the interior 

45 of the tubules 23A-28A during drilling. At the end of a 
drilling cycle hlgji pressure fluid is Injected Into the inte- 
rior 30 of the tube 20 bo that the tube 20 Is expanded 
against the borehole wall 21 and forms a lining of the 
weflbore and the drffl bit and dowrthole rw^ assembly 

50 is pulled to the surface by a wireline or colled tubing 
passing trough the interior 30 of the tube 20 and also 
serves as an expansion cone. 
[0046] M only minor expansion of Ihe tube is required 
then the wall of the tube may be provided with only one 

55 or a few axial or hefical tubules. 

[0047] If the wals of the tube 20 or the other racSaity 
expandable configurations are made of a rubber or 
other elastically deformable material then the expanded 
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tube may serve as a high expansion pecker or bodge 
P*ug- 

(0048] It wifl be understood that H the tubules are ori- 
ented in an axial direction a racially deformebie tube wB 
be obtained. H the tubules are oriented in a circumferen- 
tial (traction as shown In Figs. 5-6 then an axiatty 
deferrable tube wfll be obtained. 
[0049] If the tubules are oriented in a helical direction 
the tube will be deformable both in axial and radial 
directions and the pitch angle of the hefcal configura- 
tion of the tubules wfll then inftoence the degree In 
which the tube * axial* or racfialfy detarmabla 
[0050] Fig. 10showsacor*p>rrBik)nwhereatube4O 
oornprises a watt that consists of a series of axial tolda- 
ble tliies 41. 

[0051) If the tubules 41 are made of steel then they 
are Interconnected side by side along their length by 
axial welds 42. Each tubule 41 comprises at tie outer 
crcumfe r ence of the tube 40 a single plastic hinge 43 
and at Ihe toner drcurnference of the tube 40 a set of 
tour plastic Nnges 44, 45. 46 and 47. Each of these 
plastic hinges 43-47 is formed by machining an axial 
groove in the inner and/or outer surface of the wall of the 
tubule 41. 

[0062] The set of four plastic hinges 44^7 defines a 
wall segment where the tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 48 that 
faces the interior 49 of the tube 40. 
[0053] The tube 40 is expanded by purnping a pressu- 
rized fluid into the interiors 50 of the tubules 41 which 
causes the tubules to unfold by hinging about the plastic 
hinges 43-47 so that the tubules 41 each obtain a cylin- 
drical shape (not shown). 

[0054] Asaresunoftheun1oldngofthetubu)es41the 
tube 40 obtains a larger external and internal diameter. 
[0065] Rg. 1 1 shows another tube 51 which com- 
prises a wad that consists of a series of axial tatdabie 
tubules SSL 

[0056] If the tubules 52 are made of steel then they 
are interconnected side by side along their length by 
axial welds 53. Each tubule 52 comprises both at the 
outer and the inner arcumterence of the tube 51 a set of 
tour plastic hinges 54 that are formed by machining 
axial grooves in the inner anoVor outer surface of the 
wail of each tubule 52. 

[0057] Each set oftour plastic hinges 54 defines a wal 
segment where the tubules 52 can be toided inwardly to 
form a U- or delta-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of me tube 51 . 
[0058] The tube 51 is expanded by purnping a pressu- 
rized fluid into the interiors 58 of the tubules 51 which 
causes the tubules 52 to untold by hinging about the 
plastic hinges 54 so that the tubules each obtain a cylin- 
drical shape (not shown). 

[0059] As a result of the unfolding of the tubules the 
tube 51 obtains a larger external and internal csameter. 
[0060] Rg. 12 shows a toWable tube 60 which com- 
prises at its lower side a single plastic hinge that is 



formed by an axial tubule 61 and at Hs upper side a set 
ol tour plastic hinges 62 that are formed by rnactwxng 
axial grooves in the outer or inner surface of the wall of 
the tube 60. 

5 [Q061] The four plastic hinges 62 define a delta- 
shaped recess 63 at the upper side of the tube 60. when 
the tube b in its toUed shape. 
[0062] The tube 60 is unfolded by pimping a pressu- 
rixed fluid into the interior 64 of the aAe 60. TWs causes 

10 the tube to unfold In the direction of ihe arrows into the 
cylindrical shape which is IPustrated by the broken ines 
60A The tubule 61 then acts as a plastic Nnge and 
obtains as a result of the unfolding of the tube 60 the 
eftipticaJ shape which te fllustrated by broken ines 61 A. 

i3 [0063] The tubule 61 is ms^ of a plasfcaBy deform- 
able material, such as a tormabie Ngrvstrength tow- 
aloy or dual phase steel grade, which also provides 
ftextotty tot»tube61 fo drcurrtferentiaJ drectcn dur- 
ing the unfolding procedure. After tie unfolding proce- 

30 dure a curing agent may be pumped into the interior 65 
of the eirpticaJ tubule 61A to reinforce the lubule 61A. 
The interior 65 of the tubule 61 may comprise electrical 
and/or hydrauic conduits for transmission of electric 
and/or hydraulic power and/or signals along the length 

2S ol the tube. 

[0064] The embodiments of the deformable tube 
shown in Ihe drawings provide a tube which can be 
deformed easily and which can be reeled on a reefing 
drum. The tube can be unreeled from the drum and 

so injected into an underground borehole or other cavity in 
which the tube is to be used. The tube is subsequently 
deformed inside the borehole or other cavity by chang- 
ing the tubular shape of one or more tubules in the wall 
of the tube. The deformation may involve flattening. 

55 unfotfng or other deforrriatk^ of the tubule or tubules. 

Claims 

1. A deformable tube having a wall which is at least 
40 partly formed by a number of tubules, wherein at 

least one tubule is at least partly deformed in 
response to deformation of the tube. 

2. The deformable tube of daim1, wherein the weJof 
45 the tube is at least party formed by a series of axial 

tubules which each extend In a direction substan- 
tially parallel to a fongftucfinal axis of the tube such 
that upon a radial deformation of the tube the axial 
tubules are at least party deformed. 

so 

3. The deformable tube of claim 1 , wherein the wal of 
the tube is at least partly formed by a series of toroi- 
dal tubules which extend in a substantialy circular 
dree* on around a longitudinal axis of Ihe tube such 

68 that upon axial deformation of the tube the toroidal 
tubules are at least party deformed. 

4. The deformable tube of claim 1 . wherein the wafl of 
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the tube e at least partly formed by one or more 
hefcaJ tubules which extend in a substantially heft- 
cal direction with respect to a torvtutfnai axis of 
the tube such mat upon deformation of the tube to a 
direction which rs oriented at an angle relative to a s 
tongiturfnaf Direction of each of the helical tubules, 
at least one of the helical tutxies te at least partly 5 
deformed 

5. ThedetormaNetiJbeofdaiml.wher^ 10 
the tube is at least party formed by a number of 
substantially parallel tubules which are arranged 
side by side and ana connected to each other. 

6. The deformable tube of daim 5, wherein the * 
tJbul«ararr«^drr^a^tt>esjdesdap^cf 
aolaoent tobUas substantially touch each other and 
are sintered, welded, spot wetted. braMd. bonded. 

or otherwise secured to each other. 

20 

7. The deformable lube of daim 5, wherein the 
tubules are made of a plastic or etastomeric mate- 
rial or a fabric and the sides of ac^acem tubules 
substantially touch each other and are bonded to 
each other. 25 

8. The deformable tube of daim 1, wherein before 
deformation of the tube the tubules have a substan- 
tia^ cylindrical shape and deform into a substan- 
tialy ellpbcal or flattened shape in response to so 
deformation of the tube. 

9- The deformable tube of daim 1. wherein before 
deformation of the tube the tubules have a substan- 
tiafy prismatic shape and deform into a substan- * 
tialy flattened shape in response to deformation of 
the tube. 

10. The deformable tube of claim 1. wherein the 
tubules contain at the outer periphery of the tube 40 
openings or weak spots which open up as a result 

of the deformation process such that one or more 
fluids are squeezed from the interior of the tubules 
into the space surroun di ng the tube. 

45 

11. The deformable tube of daim 10, wherein the fluids 
that are squeezed from the interior of the tubules 
contain one or mora chemicals, such as compo- 
nents of a liquid cement slurry, compone* of a 
curing agent or a chemical treatment fUd. so 
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Fig.9. 
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Fig. 10. 
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